Aging is associated with low-grade neuroinflammation including primed microglia that may contribute to deficits in neural plasticity and cognitive function. The current study evaluated whether exercise modulates division and/or activation state of microglia in the dentate gyrus of the hippocampus, as activated microglia can express a classic inflammatory or an alternative neuroprotective phenotype. We also assessed hippocampal neurogenesis to determine whether changes in microglia were associated with new neuron survival. Adult (3.5 months) and aged (18 months) male BALB/c mice were individually housed with or without running wheels for 8 weeks. Mice received bromodeoxyuridine injections during the first or last 10 days of the experiment to label dividing cells. Immunofluorescence was conducted to measure microglia division, co-expression of the neuroprotective indicator insulin-like growth factor (IGF-1), and new neuron survival. The proportion of new microglia was increased in aged mice, and decreased from wheel running. Running increased the proportion of microglia expressing IGF-1 suggesting exercise shifts microglia phenotype towards neuroprotection. Additionally, running enhanced survival of new neurons in both age groups. Findings suggest that wheel running may attenuate microglia division and promote a proneurogenic phenotype in aged mice.
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Introduction
Microglia are a highly plastic group of immune cells that reside in the central nervous system (CNS). In the absence of an infection or injury microglia maintain a resting phenotype, in which the cells survey the environment for potential threats. If a threat is detected, microglia undergo morphological changes, proliferate, and begin to release cytoactive agents including proinflammatory cytokines [e.g., interleukin-1b (IL-1b) and IL-6] (Colton, 2009). The expression of this classic inflammatory phenotype facilitates recovery from an insult. Microglia can also express a neuroprotective ''alternative'' phenotype that participates in regenerative processes, cell growth, and inhibition of inflammation (Colton, 2009 ). In their alternative state, microglia can produce growth factors, such as insulin-like growth factor (IGF-1) and brain derived neural growth factor (BDNF) (Nakajima et al., 2002; Wine et al., 2009) , as well as anti-inflammatory cytokines. Signals from the environment likely determine whether microglia remain in a resting state or undergo activation to either the classic inflammatory or alternative neuroprotective phenotype.
Normal aging alters microglia activity, as microglia in the brain of uninjured aged animals are shifted towards the inflammatory (i.e., classic) phenotype (Dilger and Johnson, 2008) . There is a basal increase in proinflammatory cytokine production and increased expression of surface markers (e.g., MHC II and CD86) that are associated with classic microglia activation (Dilger and Johnson, 2008; Frank et al., 2006; Sierra et al., 2007) . The age-related priming of microglia contributes to a prolonged neuroinflammatory response following an immune challenge that results in exaggerated expression of sickness behaviors and cognitive deficits compared to adult animals (Dilger and Johnson, 2008; Godbout et al., 2005; Kohman et al., 2007) . Another component of the age-related alterations in microglia is an increase in proliferation. Prior reports have shown that microglia from aged animals show increased proliferation in culture as well as in vivo in the retina (Inman and Horner, 2007; Rozovsky et al., 1998) , but the relevance of increased microglia division to their activation status and age-related changes in neural function has yet to be investigated.
One area of the brain important for cognitive performance and sensitive to aging is the hippocampus. The hippocampus is also of interest because it is one of two areas of the brain that unarguably retains the ability to generate new neurons beyond early development. These new neurons are suggested to participate in learning and memory processes (Clark et al., 2008; Deng et al., 2010; Shors et al., 2002; van Praag et al., 2005) . Microglia play a complex role in 0889-1591/$ -see front matter Ó 2011 Elsevier Inc. All rights reserved. doi:10.1016/j.bbi.2011.10.006
